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SUMMARY 

This report contains tables of the horizontal radiation pattern (h.r.p. ) of 
a dipole mounted on a cylindrical mast.. The tables were calculated on a digital 
computer and this enabled a comprehensive range of mast sizes and dipole spacings to 
"be covered. 

1. INTRODUCTION 

Aerials used for v. h.f* broadcasting usually consist of tiers of dipoles 
mounted on a supporting mast,, The number of dipoles in each tier and their relative 
positions and currents are determined by the required shape of the h.r.p. When an 
omnidirectional pattern is required, satisfactory results are generally obtained by 
using a number of dipoles uniformly spaced around the mast and fed symmetrically", in 
these eases it. is convenient to calculate the pattern of the complete array, rather 
than that of an individual dipole. When a directional pattern is required, the 
procedure used in the theoretical design is to express the h. r.p, of a single dipole 
in the form of a complex number, the modulus corresponding to the amplitude of the 
radiated field and the argument to the phase referred to the axis of the mast. The 
h. r.p. of the arrangement of dipoles which seems most likely to satisfy the require- 
ments is then calculated by adding the contributions from the individual dipoles. 
The result obtained will not necessarily be the most satisfactory h. r.p,," changes 
are therefore made to the dipole positions and currents and the calculation repeated 
until the best approximation to the required h„r.p. is obtained, 

The calculation of the basic h.r.p. (that of a single dipole) is rather 
tedious, as it involves the summation of a complicated series of terms. A digital 
computer has, therefore, been used to assemble a library of such h.r.p. a, for dipoles 
having the three orientations shown in Fig. 1.. formulae for the radiation pattern of 
a doublet (i.e., a Hertzian dipole) mounted on a cylindrical mast have been derived by 
Carter, 1 and a brief description of his method, with notes on the application of his 
formulae to k/2 dipoles, is contained in an earlier B.B.C. Research Department 
report. 2 Although cylindrical masts are not generally used by the B.B.G., the 
results obtained may be applied with little error to masts of other cross-sections 
provided their transverse dimensions are not too large.* Garter's formulae were 
used for the computations described in this report, approximations being made where 
necessary to obtain the result for dipoles rather than for doublets. The formulae 
and approximations used are described in the following section. 

*Cart«"s formulae may be used for spare- ana t !• 1 angttl ar- seot i on lists having faces not 
exceeding , sk and . 3 X »lde 3 rsspsetiTol j. The radius of the equivalent ovlinaer r.r 

a faoa of width w Is 0.59W for masts of spare section and 0=42* for masts of tri angul ar see 1 1 on. 
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F i g= I - Types of dipoles 



2. HORIZONTAL RADIATION PATTERN FORMULAE 

The formulae for the h. r. p. of a dipole and cylinder given in this section 
are normalized both in amplitude and phase to the maximum field radiated if the 
cylinder were removed and the dipole replaced by a similarly oriented dipole, with 
its centre on the cylinder axis, carrying the same current. The symbols used in the 
formulae are defined as follows; 



j' 



[x) s 



mast radius in radians 

distance of dipole from axis of mast in radians 
aaimuth angle, measured relative to the angular 
position of the centre of the dipole or unipole 
from the mast axis 

Bess el function of the first kind, of order n 
and argument x 
Y (x) = Bessel function of the second kind, of order n 
and argument x 
- J (x) - j I (x) (Kankel function of the second 
kind, of order n, and argument x) 

(2) 



3 



H<*Ux) 



(2)' 



denote the derivatives of J (x) , H (x) with respect to x. 



2.1. Vertical Dipoles 

In the case of vertical elements, Garter's formula for a doublet is also 
applicable to a dipole. The aeries converges most rapidly when the contributions 
from the dipole and from the mast are calculated separately. The expression for the 
total field, stated in this form, is 



S = e J*°°»* + M + S f j n M cos n<f> 



where 



M n = -JJA) 






2.2. Tangential Dipoles 

Carter's formula for tangential doublets does not apply to tangential 
dipoles and some error will result if it is used. The error may be reduced by 
calculating the field radiated by the dipole directly, the doublet source is assumed 
only when calculating the contribution re-radiated by the mast. The appropriate 
formula for the total field is then ..,.'. 



cos(? 
cos<£ 



E - * e >JJc 



°s<£ _ j \ M ' o+ 2 | j n M„ cos n-4> 



where 



< = -<W 



f 2) 



This formula is similar to that used for vertical dipoles but the Bessel and Hankel 
functions are replaced by their derivatives. 

2.3. Radial Dipoles and Unipoles 

Arrays of radial elements used by the B.B.G. have invariably employed 
unipoles (or an" electrical equivalent) mounted on the surface of the mast. The 
effective length is generally only k/A and it is therefore permissible* to replace 
them by radial doublets located at the centroid* of the current distribution; 3 this 
enables Carter's formula to be used with little error. The most rapidly convergent 
form of the expression is 

E = sin?> e>' Boos * -ji 2 j n n 2 n sin *£ 



where Z„ - - -J'JA) 



h[ 2 \b) 



n n ( o) 



3. RANGE OF VALUES COMPUTED. • 

Radiation patterns were computed for cylinder radii in the range 0'25 (0'25) 
2-0 (0-5) 6-0 radians', this covers all the sizes of masts likely to be encountered 
in the foreseeable future. The smallest size of cylinder (radius 0-25 radians) 
corresponds to a 1 ft 9 in. CO" 53 m) diameter pole at 45 Mc/s. Although smaller 
supporting poles are sometimes used, their effect is easily calculated because only 
the first term in the series expansion in the formulae quoted in Section 3 is then 
significant. The upper limit to the mast radius (6*0 radians or 0-96M corresponds 
to a mast diameter of about 10 ft (3-lm) in Band III and about 3 ft (O-Qlm') in Band V. 

*Ve have to imagine that the unipole has a mass distributed along its length, the mass per 
unit length at any point being proportional to the current at that point. Then the centre of 
gravity (or cent roid ) of this mass would corr esp ond t o t he centroid of the current distribution. 



This limit lies well above the range of sizes for which a cylindrical mast may be 
assumed as equivalent to a square- or triangular-section mast; the tables for the 
larger values of mast radius can therefore only be used for masts of circular, or 
nearly circular, cross-section. 

For vertical and tangential dipoles, patterns were computed for dipoles 
spaced between 0" 5 radians (0-08M and 4°0 radians (0° 64>0 from the surface of the 
cylinder. For radial unipoles, patterns were computed for a doublet spacing of 
0*5 radians only; this spacing corresponds very closely to the position of the 
current centroid of a k/4 unipole. Calculations were made with these spacings for 
the chosen range of cylinder radii, making a total of S72 tables. 

The real and imaginary components of the patterns are tabulated at 15 
intervals in the range 04 4> 4 180°, the columns being headed R and I, respectively. 
Tabulation for the remaining 180° was not necessary as the h.r.p. s are either sym- 
metrical or skew-symmetrical {depending on the dipole orientation) with respect to 
the centre line. Each table is headed by Y, T or R (vertical, tangential or radial) 
followed by the values of A and B. 

The computer programme was arranged to work through the whole range of 
variables without a break, the changes in the parameters A and 8 being made auto- 
matically. As these two parameters between them cover only a small number of 
radial distances, it was found to be more convenient to feed tabulated Bessel 
functions into the computer rather than use a time consuming sub-routine to calculate 
them. Bessel functions of the first and second kind, of aero and first order only, 
were stored in the computer," the higher order values were obtained from the recurrence 
formula, and their derivatives from the difference formula. Numerical values of 
cos <j> ao-d aiM - were also stored,' only seven actual numbers were required, a special 
sub-routine being used to choose the appropriate value of cos </> or sin and give it 
the correct sign. 



4. CCNCLUSICMS 

The tables of h.r.p.s should satisfy most requirements arising in the 
design of v.h.f. aerial systems for broadcast transmitters. Although applicable to 
cylindrical masts, they may be used with little error for masts of square or tri- 
angular cross-section provided the widths of the mast faces do not exceed 0"5^and 
0'3^, respectively. The tables are intended not merely to give the pattern of a 
single dipole but also to simplify the calculation of the patterns of arrangements of 
more than one dipole spaced around a mast; this is achieved by appropriate addition 
of the contributions of each dipole and an analogue computer* has been developed 
in Research Department to facilitate this operation. 
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